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Abstract
This technical note rectified the mathematical and conceptual errors present in Liao et al. (2014). Liao
et al. (2014) proposed an EOQ model under two-levels trade credit policy considering limited storage ca-
pacity whereby the supplier provides a permissible delay period (M) to the retailer, and the retailer also
offers a permissible delay period (N) (where M > N) to its customers. In the current technical note, we
point out some defects of their model from the logical viewpoints of mathematics regarding both interest
charged and interest earned. Furthermore, as an example, one of the affected numerical results is re-evaluated.
Keywords: Trade credit financing, Permissible delay in payments, Deterioration, Limited storage capacity,
Inventory.
1. Introduction
To reflect the real business environment and addressing the inter-dependencies among the operations and
financing processes, there is recently a trend of optimising inventory while the trade credit is also taken
into consideration. Liao et al. (2014) presented an inventory model for the perishable items with two-levels
of trade credit and limited storage capacity. In this two-echelon supply chain inventory model, a supplier
provides the products to a retailer and the retailer sells them to its customers. Under two levels of trade
credit, supplier offers a fixed credit period to the retailer to settle the account and the retailer provides
some trade credit to his customers. Beyond the allowable credit period, the retailer is charged as per agreed
interest rate while she receives the interest regarding the customer’s ”outstanding amount if it is not paid
within the allowable delay period.”
While the study contributed an interesting idea of considering the capacity constrained in the context of
inventory optimisation under trade credit policy, we have identified a major issue in developing the mathe-
matical expression regarding the interest earned of the second case (N < T ≤ M). Furthermore, a number
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of minor issues including an error in the Notations section and an incorrect mathematical expression for the
annual deteriorating cost is spotted. Since the outlined major issue has a significant impact on the numerical
results and the corresponding recommendations, we also amend the impacted computational results.
2. Notations
We have reviewed the notations of the original paper and compared the provided notations with the terms
used in the paper. A minor issue exists in the notations with respect to the formula of W ∗. The unit selling
price of the item is denoted by ’s’ in the notation list while the W ∗ is formulated as pDM + pIeDM
2
2 in which
’p’ is used for the unit selling price. This expression should be updated to sDM + sIeDM
2
2 .
3. Model
Suppose there is a delay in payment time, denoted as M. The inventory level I(t) at a time t ∈ [0, T ] can
be formulated as:
”
dI (t)
dt
+ θI (t) = −D; 0 ≤ t ≤ T” (1)
” Given the boundary condition as I(T ) = 0, we get ”
I (t) =
D
θ
(
eθ(T−t) − 1
)
; 0 ≤ t ≤ T (2)
At time t = 0, I (0) = Q and thus:
Q =
D
θ
(
eθT − 1) (3)
⇒ dQ
dT
= DeθT
Considering Equation 3, the time at which W inventory is exhausted (Ta) can be computed as:
W =
D
θ
(
eθTa − 1) (4)
⇒ Ta = 1
θ
ln
(
θW
D
+ 1
)
2
3.1. Estimation of total annual cost components
There is another minor issue regarding the mathematical expression of annual deteriorating cost as it has
been developed as Dh(e
θT−θT−1)
θT in Liao et al.’s (2014) model; however, the correct term is:
DT =
c (Q−DT )
T
=
cD
θT
{
eθT − θT − 1}
The interest earned per year, Case 2: N < T ≤M
The incomplete term in Liao et al.’s (2014) model pertains to computing the annual interest earned for
the second case where ”N < T ≤M”. This is the case where Liao et al. (2014) did not consider the interest
earned during N to T. As depicted in Figure 1, annual interest earned should be calculated for both periods
of N to T and T to M . They formulated the interest earned for this period as sIeD(2MT−N
2−T 2)
2T ; however,
the correct interest earned for this case should be formulated as:
”
=
sIe (DN +DT ) (T −N)
2T
+
1
T
{
sDT +
sDIe
(
T 2 −N2)
2
}
(M − T ) Ie
=
sDIe
(
T 2 −N2)+ (2sDT + sD (T 2 −N2) Ie) Ie (M − T )
2T
”
[Figure 1 about here.]
3.2. Implications of corrected term on the total annual cost
Putting together all components of retailer’s total annual cost, is can be expressed as:
TC (T ) = ”ordering cost + deterioration cost + stock-holding cost in RW
+ stock-holding cost in OW + interest paid – interest earned”
Given the possible values of N, M, and T, the retailer’s total annual cost is estimated for the following
configurations:
Configuration 1: ”Ta < N < M < W
∗”
Regarding this configuration, the total annual cost can be estimated as follows:
TC (T ) =

TC1 (T ) ; if 0 < T ≤ Ta
TC2 (T ) ; if Ta < T ≤ N
TC3 (T ) ; if N < T ≤M
TC4 (T ) ; if M < T ≤W ∗
TC5 (T ) ; if W
∗ < T
3
In this configuration, the total cost regarding the third time window (N < T ≤ M) should be amended
to:
”TC3 (T ) =
A
T
+
D (k + cθ)
θ2T
(
eθT − θT − 1)− (k − h)
θ2T
{
D
(
eθTa − θTa − 1
)
+ θ2W (T − Ta)
}
(5)
− 1
2T
{
sDIe
(
T 2 −N2)+ (2sDT + sD (T 2 −N2) Ie) Ie (M − T )} ”
Configuration 2: ”N < Ta < M < W
∗”
With respect to this configuration, the total annual cost can be estimated as:
”
TC (T ) =

TC1 (T ) ; if 0 < T ≤ N
TC6 (T ) ; if N < T ≤ Ta
TC3 (T ) ; if Ta < T ≤M
TC4 (T ) ; if M < T ≤W ∗
TC5 (T ) ; if W
∗ < T
” where
”TC3 (T ) =
A
T
+
D (k + cθ)
θ2T
(
eθT − θT − 1)− (k − h)
θ2T
{
D
(
eθTa − θTa − 1
)
+ θ2W (T − Ta)
}
(6)
− 1
2T
{
sDIe
(
T 2 −N2)+ (2sDT + sD (T 2 −N2) Ie) Ie (M − T )} ”
3.3. Probing the convexity for total annual cost function
In this section, we investigate the convexity of the total annual cost functions (TC3(T )).
Theorem 3.1. TC3 (T ) is convex on T > 0.
Proof. Considering the first and the second derivatives of the revised TC3(T ):
”TC3 (T ) =
A
T
+
D (k + cθ)
θ2T
(
eθT − θT − 1)− (k − h)
θ2T
{
D
(
eθTa − θTa − 1
)
+ θ2W (T − Ta)
}
− 1
2T
{
DsIe
(
T 2 −N2)+ (2DTs+Ds (T 2 −N2) Ie) Ie (M − T )}
”
”
TC
′
3 (T ) =
1
(θT )
2
[−θ2A+D (k + cθ) (θTeθT − eθT + 1)−D (k − h) (θTaeθTa − eθTa + 1)]
− DsIe
2T 2
{(
N2 − T 2)+ (1 + TIe) + (N2 + T 2) Ie}
”
4
”TC
′′
3 (T ) =
2A
T 3
+
D (k + cθ)
θ2T 3
{
θ2T 2eθT − 2θTeθT + 2eθT − 2}+ 2D (k − h)
θ2T 3
(
θTae
θTa − eθTa + 1)
+
DsIe
2T 3
{
T 2 +N2 + Ie
(
N2 − T 2 + 2T 3)}
”
”
TC
′
3 (T ) = TC
′
2 (T )−
DsIe
2T 2
{(
N2 − T 2)+ (1 + TIe) + (N2 + T 2) Ie}
”
”
TC
′′
3 (T ) = TC
′′
2 (T ) +
DsIe
2T 3
{
T 2 +N2 + Ie
(
N2 − T 2 + 2T 3)} (7)
”
Lemma 3.2. T 2 +N2 + Ie
(
N2 − T 2 + 2T 3)>0
Proof. Let
f(T ) = T 2 +N2 + Ie
(
N2 − T 2 + 2T 3) (8)
f
′
(T ) = 2T − 2IeT + 6T 2
f
′
(T ) = 2T (1− Ie) + 6T 2
f
′
(T ) > 0 ∴ 0 < Ie < 1
This implies that f(T ) is increasing function of T and f(0) = N2(1 + Ie) > 0.
Hence, f(T ) > 0, when T > 0
This completes the proof of Lemma 3.2.
Continuing the proof of Theorem 3.1.
From Equations 7 and 8:
TC
′′
3 (T ) = TC
′′
2 (T ) +
DsIe
2T 3
f(T )
From Lemma 3.2 and as TC2 (T ) is convex (See Liao et al. (2014)’s paper), therefore TC
′′
3 (T ) > 0
Hence, TC3 (T ) is convex on T > 0.
This completes the proof.
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4. Updated Decision rule
From Theorem 3.1, we get,
”
TC
′
3 (T ) =
1
(θT )
2
[−θ2A+D (k + cθ) (θTeθT − eθT + 1)−D (k − h) (θTaeθTa − eθTa + 1)]
− DsIe
2T 2
{(
N2 − T 2)+ (1 + TIe) + (N2 + T 2) Ie}
”
After simplifying above equation, we get
”
TC
′
3(T ) =
1
(θT )2
[−θ2A+D(k + cθ)(θTeθT − eθT + 1)−D(k − h)(θTaeθTa − eθTa + 1)
− DsIeθ
2
2
{(N2 − T 2) + (1 + TIe) + (N2 + T 2)Ie}]
”
Now, replacing T = M in above equation, we get
”
TC
′
3(M) =
1
(θM)2
[−θ2A+D(k + cθ)(θMeθM − eθM + 1)−D(k − h)(θTaeθTa − eθTa + 1)
− DsIeθ
2
2
{(N2 −M2) + (1 +MIe) + (N2 +M2)Ie}]
”
TC
′
3 (M) =
∆3
(θM)
2
where
”
∆3 = [−θ2A+D(k + cθ)(θMeθM − eθM + 1)−D(k − h)(θTaeθTa − eθTa + 1)
− DsIeθ
2
2
{(N2 −M2) + (1 +MIe) + (N2 +M2)Ie}]
”
5. Implications on the Final Result
In Tables 1 and 2 of Liao’s study, where the optimal value of T obtains from TC3, the value of optimal
T , the corresponding decision rule, and value of total cost need to be updated. To illustrate this matter, we
have re-calculated the values of optimal T and the corresponding total cost for row 3 of Table 1 in Liao’s
study (Table 1).
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Parameters of experiment regarding row 3 of Table 1
θ = 0.00001 h = 1
D = 9000000 Ie = 0.000005
A = 1224.04585 Ip = 0.15
c = 1.9999 N = 0.0161
s = 2 M = 0.0165
k = 1.1 W = 144900
[Table 1 about here.]
6. Conclusion
In this technical note, we reviewed the Liao et al.’s (2014) model in which an inventory model was
developed by considering that the storage capacity is limited and there are two levels of trade credit. The
unavoidable complexity emanating from the difference between permissible delay regarding the periods of
interest earned and interest charged requires the decision maker to seek for an optimal inventory model. We
identified some minor and one major issue regarding the formulation of TC3 as the original study did not
consider the interest earned during N to T. The errors have been corrected and the impact of updated terms
on the computational result has been presented.
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Tables
Table 1: Implications of updated TC3 on the final result.
Table Row No Dec. Rule Ta W* ∆1 ∆2 ∆3 ∆4 ∆5 T* TVC(T*)
Liao 1 3 (B1) 0.0161 0.0165 <0 <0 >0 <0 <0 T∗3=0.0161 148020
Updated (B2) ∼0 >0 T∗3=1.000129 4936419.16
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Figure 1: Demonstration of annual interest earned for case 2.
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